INTRODUCTION
Caries diagnosis should be accurate and objective in order to distinguish it from intact tooth structures1). However, a significant amount of observer variation exists in conventional clinical examinations2).
Many techniques in the detection and quantification of caries have been developed and investigated to examine demineralized or remineralized lesions3-9).
Recently, a pH-value analyzing technique has been introduced into dentistry which uses a pHimaging microscope (SCHEM-100, Horiba Ltd., Kyoto, Japan)10).
Preparation for the pH-imaging microscope does not necessitate samples to be destroyed by dissolution.
A pH analysis can be performed by a simplified process of placing flat, solid samples on a semiconductor silicon sensor with photocurrent characteristics11). The pH values of carious and intact dentin have been investigated visually and quantitatively. The pH distribution of carious dentin was shown to be lower than that of intact dentin using this pHimaging microscope10).
In addition, the pH value changes of active and arrested carious lesions in deep dentinal caries were evaluated with the pH-imaging microscope and then compared by observation using a caries detector solution12). Within an active lesion, there was a significant relationship between pHimaging characterization and visual inspection using dye staining -although the arrested lesions were unstable and impermeable to dye. Hiraishi et al.13) analyzed the correlation between the pH value changes and mineral loss in active and arrested carious dentin.
There was a significant correlation between a decrease in pH and mineral loss in active carious dentinal lesions.
In a series of previous studies10,12,13), human molars extracted from adult patients were used for pHimaging characterization.
However, there is little information on the pH of intact and carious dentin in primary teeth. Therefore, the purpose of this study was to analyze the surface of carious and intact dentin in human primary teeth using the pHimaging microscope.
The null hypothesis was that there was no difference in pH value between carious and intact dentin in primary teeth.
MATERIALS AND METHODS

Specimens preparation Extracted
human primary canines and molars with dentin caries lesions on the occlusal surface were used for this study.
The deciduous teeth were extracted because they were about to exfoliate. Verbal agreement of their parents was obtained for their use in research and education.
The teeth were stored frozen after extraction until the time for experimental procedure.
The center of the carious lesion in the occlusal region was sliced vertically using a diamond saw (Leitz Instruments, Heidelberg, Germany) to obtain an approximately 1-mm thick sample. From the sliced samples, the teeth were then divided into mild or severe caries using the following criteria: mild carious dentin -lesion far from the pulp chamber, where intact dentin existed between carious lesion and pulp; severe carious dentin -close to or directly approaching the pulp chamber without intact dentin. The authors discarded teeth that fell into an intermediary group and which had a mixture of mild and severe characteristics.
Through this process, 10 mild and 10 severe caries teeth were obtained.
Following this, the sliced surface was ground with 600-grit silicon carbide paper for 10 strokes under running water to decrease irregularities and contaminants on the surface in the same manner as the previous study13).
pH-imaging characterization
The pH values of mild and severe carious dentin were measured using SCHEM-100. The pH-imaging sensor was based on a Light Addressable Potentiometric Sensor (LAP) made of Si3N4/SiO2 and silicon (Si)1 For SCHEM-100 setup, a 1.5% agar solution consisting of 0.1M potassium chloride and agar powder was used to make a 1-mm thick agar film on the semiconductor sensor (Fig. 1) . When the dentin sample was placed on the agar film, H+ or OH-ions traveled from the dentin surface into the agar film. The AC photocurrent varied due to the amount of H+ or OH-ions passing through the agar film from the sample.
The photocurrent was converted into grayscale pixels, with each pixel arranged for pH imaging with image analysis software (Image-Pro Plus, Media Cybernetics, Silver Spring, MD, USA). pH measurement was conducted at multiple points and the pH distribution displayed as pH images. As the grayscale of each pixel that made up the image was correlated to a pH value at each measurement, the pH value that composed the pH image was examined pH-IMAGING ANALYSIS OF PRIMARY TEETH Table 1 The pH values for each sample ). When a glass electrode was used, samples of carious dentin were collected and suspended, and the pH value of the suspension measured. It had been difficult to evaluate the distribution of pH values on carious lesions until SCHEM-100 was developed.
Specimen preparation for SCHEM-100 is simple and does not require specimen destruction and dissolution.
The pH distribution of a flat dentin surface was measured by a quantitative monitoring technique when the sample was placed on an agar film. TIFF images were easy to manipulate in order to observe the pH value distribution over an area of interest on the dentin surface.
In a previous study using SCHEM-100 for active and arrested carious lesions in permanent teeth, a comparison was made between pH value distribution and stainable lesion by a caries detector solution12). While the caries detector solution failed to penetrate into arrested carious lesions, SCHEM-100 was able to distinguish active and arrested caries lesions12). Hiraishi et al.13) performed another comparison with a pH and mineral-loss examination on active and arrested carious lesions.
Mineral content over carious lesions was quantified using an x-ray analytical microscope. This method required no films and it captured x-rays transmitted through samples by a scintillation detector so that objective point analysis could be carried out over a mapped image17). Lower pH and considerable mineral loss were demonstrated especially in active carious dentin, resulting in a significant correlation between a decrease in pH and mineral loss13).
The pH values of intact and carious dentin in the primary teeth were measured using SCHEM-100 in this study. Since primary teeth have thinner enamel and dentin than permanent teeth18), the areas for pHimage characterization in primary teeth are smaller compared to permanent teeth. However, differences between the intact and carious dentin were clearly distinguished in the TIFF images with SCHEM-100.
Intact dentin of the primary teeth showed a mean pH value of 6.6 (range 6.3-6.9). The mean pH value of the intact dentin of permanent teeth showed a neutral value (range 6.8-7.4)12), while the mean pH value of intact enamel showed around 8.0 (unpublished data).
These results strongly suggested that mineral content in tooth structure influenced the pH value.
The pH value of intact dentin in primary teeth was relatively lower than that in permanent teeth12). Histologically, there are differences between the dentin of primary teeth and the dentin of permanent teeth, including differences in mineral and water content19). These differences might be the reason for lower pH value in primary teeth.
The lowest pH values of both mild and severe carious dentin in primary teeth were significantly less than that of intact dentin.
In addition, there were statistical differences between the lowest pH value of mild carious dentin (6.2, range 5.8-6.4) and that of severe carious dentin (6.0, range 5.9-6.2) (p<0.05). Kitasako et al.12) reported that the lowest pH values of both active and arrested lesions in permanent teeth were less than that of intact dentin. There were statistical differences between the lowest pH values of the active lesion (range 5.3-5.8) and those of the arrested lesions (range 6.3-6.6) (p<0.05).
Therefore, the lowest pH values of mild and severe carious lesions of the primary teeth were in between those of the active and arrested lesions in the permanent teeth.
According to clinical and gross histological characteristics, carious lesions can be classified into three groups: active, arrested, and mixed lesions20). Active caries is mainly found in young children or adolescents, while arrested caries usually occurs in older age groups.
An arrested dentinal lesion differs from an active lesion by its darker pigmentation, absence of viable bacteria within the tubules, impermeability to dyes and isotopes, and a higher calcium content and hardness21).
The carious dentin of the collected primary teeth was probably close to arrested lesions because of dark pigmentation and a hard or leathery surface22). The reasons for extraction of those teeth were due to deep caries and that it was time for exfoliation.
Primary teeth with active carious dentin before exfoliation are usually restored for conservation.
However, these pH differences between mild and severe lesions in primary dentin suggested that there were different levels of caries activity, which could be due to differing properties of decalcification within peritubular dentin or intertubular dentin23), denaturation of intratubular protoplasm24), or debris from dental plaque micro-organisms21, 25, 26) .
In addition, the pH distribution within a cariesaffected area is an important indicator of caries activity.
The lowest pH point in the carious lesion of primary teeth was always detected on the inner area of the periphery of pH image characterizing carious lesion, which was the same as in previous studies12,13). Moreover, the pH level gradually and eventually rose from the lowest pH level up to the level of intact dentin.
There was apparently a balance between the destructive process and the response of the tooth20). The lesion may never become completely arrested or it may become reactivated.
From the present study, the null hypothesis was rejected. Since this study demonstrated a continuous reduction in pH value in and adjacent to the carious lesions, the pH examination seemed an appropriate alternative method for caries detection.
The pH analyzing technique was utilized only in vitro this time because the pH-imaging sensor was not designed for intraoral usage.
However, with technology developments, it would soon be possible to use it as a clinical device for detection and quantification of caries lesions in vivo, and even serve as a standard for improved clinical practice.
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